The DSM-III-R removed tolerance and withdrawal as required elements for a diagnosis of alcohol dependence. Although this practice was continued in DSM-IV, the more recent manual asked clinicians to note whether physiological aspects of withdrawal (tolerance and withdrawal) had ever been experienced. Few studies have determined the prognostic meaning of a history of a physiological component to DSM-IV alcohol dependence.
T
HE DIAGNOSTIC CRITERIA for substance-use disorders (SUDs) continue to evolve (Babor, 1992; Bucholz, 1999; Caetano, 1987; Grant, 2000; Langenbucher et al., 1996; Schuckit et al., 1998b Schuckit et al., , 1999 . When the DSM-III-R moved toward a broad definition of dependence, its authors deviated from the historical approach to SUDs that gave a special emphasis to the physiological aspects of tolerance and withdrawal (American Psychiatric Association, 1987; Langenbucher et al., 2000) . There were several reasons for this change toward the approach of Edwards and Gross (1976) , which emphasized the central salience that substances of abuse were occupying in an individual's life. These included the ability to apply dependence across a wider range of substances, several of which did not have clinically relevant withdrawal syndromes or levels of development of tolerance. This demotion from the central importance of tolerance and withdrawal, although it went against what had been used in most prior diagnostic schemes, was consistent with both the Feighner et al. (1972) approach and the Research Diagnostic Criteria (Spitzer et al., 1978) .
However, there are some potential problems in viewing tolerance and withdrawal as equal in importance to other diagnostic items. First, the movement to the broad dependence syndrome was made without intensive study of the effect that would occur if neither tolerance nor withdrawal was required for a diagnosis. Second, the physiological aspects of this syndrome might be important in distinguishing between dependence and the second diagnostic cate-gory, abuse, a label that also focuses on interference in behavior and daily functioning (Harford and Muthén, 2001; Muthén, 1996) . Third, a history of withdrawal identifies individuals with potential special treatment needs, including those who might be particularly vulnerable toward relapse (Langenbucher et al., 2000; Schuckit et al., 1998b) .
There is also debate regarding the best way to define a physiological component to dependence. Tolerance can be problematical in that it may be difficult to document from historical information (Langenbucher et al., 1997 (Langenbucher et al., , 2000 , and several studies suggest that withdrawal relates more closely to a history of severe clinical problems (Bucholz et al., 1996; Schuckit et al., 1998b Schuckit et al., , 1999 .
A number of investigations have evaluated the crosssectional and retrospective importance of tolerance, withdrawal, or both as indicators of a subtype of dependence. Several reported no clinical usefulness of a physiological dependence subdiagnosis, including data from a heterogeneous population of SUD patients in whom physiological symptoms did not relate to scores on the Addiction Severity Index (Carroll et al., 1994) and from two factor-analytic studies in the general population (Hasin et al., 1994; Muthén et al.,1993) . Another evaluation of alcohol problems in cocaine-dependent subjects, however, reported a modest relationship between tolerance or withdrawal and the severity of alcohol problems as measured on the Addiction Severity Index (Rounsaville and Bryant, 1992) . A more severe clinical course was also associated with withdrawal in a latent class analysis with more than 2500 relatives of alcohol-dependent probands (Bucholz et al., 1996) , a factor analysis performed with 6000 current drinkers (Harford and Muthén, 2001) , and an evaluation of 318 adult and 214 adolescent alcohol-dependent individuals (Langenbucher et al., 2000) .
Our group published two cross-sectional and retrospective studies, including an evaluation of 3395 men and women with DSM-III-R alcohol dependence who were part of the Collaborative Study of the Genetics of Alcoholism (COGA; Schuckit et al., 1998b) . Here, subjects with histories of either tolerance or withdrawal, especially the latter, had a higher maximum number of drinks per day, were more likely to report drinking while giving up obligations (i.e., binges), and had more additional alcohol-related life problems. The second evaluation, which involved more than 3000 individuals dependent on marijuana, cocaine, amphetamines, or opioids, also revealed that more intense problems were associated with histories of tolerance or, especially, withdrawal .
There are several 6-to 12-month follow-ups of SUD individuals with or without a physiological component. With one exception (a 6-month follow-up of 72% of a heterogeneous population of 521 mostly drug-dependent subjects; Carroll et al., 1994) , the other studies reported that a history of withdrawal or tolerance was associated with a higher future rate of substance use or problems, although the intensity of the difference between subgroups was not apparent for all measures (Hasin et al., 2000; Langenbucher et al., 1997 Langenbucher et al., , 2000 . The investigations included a 12-month follow-up component of a household survey of 130 alcohol-dependent subjects and a 6-month evaluation of 241 of 365 substance-dependent patients who received treatment. Our own group also evaluated the prognostic implications of the seven DSM-IV dependence items over 5 years in more than 600 alcohol-dependent individuals, for whom histories of withdrawal and, to a lesser extent, tolerance were among the most robust predictors of difficulties .
These analyses take advantage of 5-year follow-up data from the COGA sample to more directly evaluate the prognostic meaning of tolerance or withdrawal in a subset of subjects who had originally been assessed at baseline (Schuckit et al., 1998b) . The analyses differ from prior reports in that subjects are now diagnosed with DSM-IV, rather than DSM-III-R, criteria, and a 5-year follow-up is used to evaluate the relationships of a history of a physiological dependence on alcohol to the course of alcohol, other substance-related problems, and psychiatric problems.
In summary, one prominent change from DSM-III-R to DSM-IV was the request to subtype dependence, and another was to raise the threshold for dependence from three of nine items to three of seven. The 5-year prognostic meaning of these changes has never been evaluated. We hypothesize that although both broad and narrow definitions of physiological dependence in DSM-IV will relate to a more problematic outcome, the greatest difficulties will be seen for alcoholics with a history of withdrawal.
METHODS
Data were generated after we obtained written, informed consent from participants among the original six centers of COGA (Bucholz et al., 1994; Schuckit et al., 1997 Schuckit et al., , 1998b Schuckit et al., , 2001 ). The investigation began with an initial proband entering treatment for an alcohol-use disorder who met both the DSM-III-R definition (American Psychiatric Association, 1987) for alcohol dependence and the Feighner et al. (1972) criteria for definite alcoholism and who had multiple alcohol-dependent relatives available for study. Individuals with life-threatening illnesses were excluded, as were those with intense recent intravenous drug use and those who did not speak English.
All probands, as well as their first-degree relatives, were evaluated with the Semi-Structured Assessment of the Genetics of Alcoholism (SSAGA), a face-to-face instrument developed from a variety of existing diagnostic interviews (Bucholz et al., 1994; Hesselbrock et al., 1999; Spitzer et al., 1992) . The validity of SSAGA alcohol-dependence diagnoses compared with another structured interview was 0.63, and the reliability for tolerance and withdrawal items was approximately 0.80, both across centers and across interviewers within a center . Trained interviewers gathered information relevant to 17 DSM-III-R and DSM-IV axis I diagnoses, as well as antisocial personality disorder, by using the timeline method described in more detail elsewhere to differentiate between psychiatric syndromes observed only in the context of a SUD (substance-induced conditions) and those that occurred independently of intoxication or withdrawal from a relevant substance (American Psychiatric Association, 1987 Schuckit et al., 1997) . The same interview was used to assess all available relatives, as well as controls and their family members. The comparison subjects were identified by using a variety of methods across the six centers, including random selection from driver's license records, individuals attending dental and medical clinics, and university students.
A subset of original subjects and relatives was chosen for follow-up approximately 5 years after the initial interview. The group included probands, controls, their spouses and offspring, and additional individuals who had originally been genotyped (Preuss et al., 2002; Schuckit et al., 2002) . The follow-up SSAGA was similar to the initial interview except for the greater detail for events occurring in the 5-year interval.
This report focuses on individuals who were followed up from among the initial 3395 men with alcohol dependence who were evaluated at baseline and divided into categories related to history of alcohol tolerance or withdrawal (Schuckit et al., 1998b) . From these, 565 subjects were not appropriate for follow-up (e.g., were more distant relatives), and less than the required 5 years had passed for another 60. An additional 276 had died, and 932, although dependent in DSM-III-R, did not fulfill DSM-IV criteria for alcohol dependence, leaving 1562 men and women appropriate for these analyses. Follow-up data were obtained on 1094 (70.0%) of these, with the remainder fairly equally divided between subjects who could not be found and those who refused follow-up interviews.
The reinterviewed subjects were divided into groups relevant to their baseline lifetime histories of alcohol withdrawal, regardless of tolerance (group 1; 649 subjects; 59.3%); those who had reported tolerance but never experienced withdrawal (group 2; 391 subjects; 35.7%); and alcoholdependent individuals without a history of either tolerance or withdrawal (group 3; 54 subjects; 4.9%). These groups were reformulated with DSM-IV criteria, and tolerance was operationalized to mean that the person endorsed needing 50% or more alcohol to produce a particular effect previously observed at a lower intake.
The statistical analyses first focused on the evaluation of individuals who met DSM-IV criteria for dependence with a physiological component, i.e., subjects in groups 1 and 2 versus group 3. We next determined how a more narrow definition of dependence functioned by comparing group 1 (with withdrawal) versus groups 2 and 3. If either of these two analyses revealed significant differences, a Tukey's most honestly significant post hoc analysis was used for continuous variables, and post hoc 2 tests were used for categorical data. Finally, backward-elimination logistical regression analyses were performed to evaluate the combination of outcome characteristics most closely tied to the baseline narrow (i.e., withdrawal only) or the broader (tolerance or withdrawal) definitions of physiological dependence.
RESULTS
At follow-up, the 1094 subjects were predominantly male (64.5%), had an average age of 41.1 years (SD, 10.74 years), and had an average of 5.4 years (SD, 0.87 years) of followup. Overall, these men and women had an average of 13.0 years (SD, 2.00 years) of education, 58.7% were employed full-time, and at the time of follow-up, 79.1% were married, 11.6% were widowed or separated/divorced, and 9.3% had never been married. Among these subjects, 46.2% were original probands, and the remaining individuals represented alcohol-dependent relatives of the original subjects or alcoholic individuals identified in the control families. The baseline demographic characteristics of this sample were similar to those of the 2242 alcohol-dependent subjects who were not followed up, except for a slightly greater number of years of education for this group (12.8 Ϯ 1.90 vs. 12.6 Ϯ 2.08; t ϭ 2.91; 3334 df; p Ͻ 0.01).
The data across the tables evaluate how the groups established by baseline information differed during the follow-up interval. Table 1 demonstrates that both the broad (groups 1 and 2) and narrow (group 1) definitions of physiological dependence revealed no differential across groups on length of follow-up, education, race, or religion, whereas overall differences across groups were noted for age, gender, marital status, employment, and the proportion of probands. Post hoc analyses revealed that subjects with histories of withdrawal differed from those with tolerance (group 1 vs. 2) by being older, more likely to be separated or divorced, less often employed, and more often probands. Group 3 subjects, with histories of neither tolerance nor withdrawal, were different from those in group 2; they were older, and a lower proportion was single, although fewer demographic differences were seen for group 3 versus group 1. Regarding the subsequent 5-year course of alcoholrelated problems, as shown in Table 2 , those with either the broad or narrow definition of physiological dependence reported more alcohol-related problems and a higher maximum number of drinks per occasion. Regarding specific groups, significantly higher values were generally seen for group 1 (withdrawal) compared with group 2 (tolerance alone) and for group 1 versus group 3 (neither tolerance or withdrawal), whereas groups 2 and 3 were not significantly different. The main exception to this pattern was the higher rate of continuous abstinence for the follow-up period for subjects in group 1. This differential remained when only nonprobands or when the 431 subjects who had never received formal inpatient or outpatient treatment at baseline evaluation were considered separately. Table 3 offers information about the pattern of use and problems associated with illicit substances during the 5-year follow-up, as well as the self-report of DSM-IV substanceinduced and -independent mood disorders. Both definitions of physiological dependence were associated with more drug dependencies, especially on opioids, mostly reflecting the higher rates for group 1 subjects. Men and women with histories of withdrawal were also more likely to experience substance-induced, but not -independent, depressive episodes during the 5 years.
Because Table 1 revealed some demographic differences across groups, the data were reanalyzed for the 589 nonprobands, of whom 43.0% were in group 1, 50.4% in group 2, and 6.6% in group 3. The pattern of differences across groups demonstrated in the tables remained for this nonproband subsample, including the differential across groups on the proportion with abstinence. Similarly, separate analyses were performed for the 706 men (61.9% in group 1, 34.3% in group 2, and 3.8% in group 3), with results again supporting the general pattern of findings noted in the tables. The same generic conclusion applies to the 388 women (54.6% in group 1, 38.4% in group 2, and 7.0% in group 3). The relationships among groups were also reanalyzed for the 642 alcoholics who reported drinking during the 6 months before the follow-up interview, including 317 (49.4%) in group 1, 282 (43.9%) in group 2, and 43 (6.7%) in group 3. The patterns across groups in Tables 2 and 3 generally remained for this subsample. One consistent difference was higher quantities of alcohol consumed and more alcohol-related problems for individuals in Groups 1 and 2, with a subsequent greater number of items on post hoc analyses that were significantly different between individuals in group 2 and group 3. A second consequence of the focus on drinkers is that DSM-IV dependence item 3 (drinking in larger amounts or longer than intended) was now modestly different across the groups, as was abuse item 2 (use in hazardous situations).
The data in Tables 1 through 3 do not indicate how items related to demography or the clinical course over the subsequent 5 years performed when considered together. Two approaches were used to address this question. First, the logistical regression analyses in Table 4 were performed to offer data more directly relevant to clinical settings. The first of these used relevant items from Tables 1 through 3 that were significantly different for the broad definition of physiological dependence as established at baseline (i.e., groups 1 and 2 vs. 3), and the second regression analysis focused on those demographic and outcome characteristics that were significantly different for the narrow definition of physiological dependence (i.e., group 1 vs. 2 and 3) as established at baseline. The specific items entered were selected to avoid obvious multicollinearity, where, for example, reflecting the high correlations between the number of dependence criteria endorsed and the maximum number of drinks and the number of abuse or other alcohol problem-related items, only one (the number of dependence items) was used in the regression. Similarly, among the 15 alcohol-related problems, 1 was selected as potentially salient (ever being in treatment during follow-up), and the group differential throughout the 5 years on the proportion who were abstinent was also entered. One item was selected as representative of the drug-related history during the 5 years of follow-up, and one related to depressive episodes. For the broad definition of dependence, only three items remained in the regression, accounting for 11% (the pseudo R 2 ) of the variance. These included the number of alcohol-dependence items endorsed during followup, the proportion who were abstinent during the entire follow-up period, and the number of dependencies on illicit drugs observed during follow-up. The regression analysis regarding the more narrow definition of withdrawal as established at baseline incorporated seven items, which combined to explain 32.4% of the variance. These included three demographic characteristics (age, employment status, and being a proband) as established at baseline. Four outcome items continued to relate to the narrow definition of withdrawal, even when considered in the context of demography. These included the number of alcohol-dependence items endorsed during follow-up, the proportion of subjects who were abstinent throughout the 5 years, the proportion who entered treatment during follow-up, and the experience of substance-induced depressive episodes during the follow-up period.
The variables in Table 4 were also entered into the more statistically efficient multinomial logistical regression looking across the three groups in Tables 1 to 3 . This approach considers both broad and narrow definitions at the same time, but it does not show which items relate to which definition of physiological dependence. Almost all the same items as seen in Table 4 contributed significantly to the regression, except for the number of drug dependencies during follow-up, which was replaced by age (Wald 2 , 19.26; standard estimate, 0.11; odds ratio, 1.03). In the multinomial regression, 30.0% of the variance was accounted for.
DISCUSSION
The data presented here describe the largest and longest prospective evaluation of the clinical course associated with the DSM-IV designation of alcohol dependence with a physiological component. Consistent with most of the relevant cross-sectional and prior shorter prospective studies, the data revealed a more severe clinical course of SUDs for those with a physiological component to their alcohol dependence at baseline (Bucholz et al., 1996; Harford and Muthén, 2001; Hasin et al., 2000; Langenbucher et al., 2000; Rounsaville and Bryant, 1992) . Similar to our prior retrospective analyses (Schuckit et al., 1998b) , a physiological component was associated with a higher number of maximum drinks and an increased number of alcoholrelated life problems. Neither the current nor the prior study indicated that physiological dependence was related to independent depressions, although, perhaps reflecting the greater intensity of the alcohol-related problems, it was related to substance-induced mood disorders (Schuckit et al., 1997 (Schuckit et al., , 1998b . The more severe clinical course for subjects with a physiological component remained robust when gender and initial proband status were entered into the logistical regression analyses and when relevant subgroups (e.g., nonprobands, males or females, and current drinkers) were each evaluated separately.
Most of the effect of a physiological component to dependence on the subsequent course of alcoholism was explained by withdrawal. Most alcohol problems during follow-up were more intense for subjects who had reported All variables listed were entered into the relevant logistical regressions, except for those labeled NA, which, reflecting results in earlier tables, were entered into one but not the other regression. Standardized estimates are given only for those variables that remained in the backward logistical regression.
* Wald statistics significant at p Ͻ 0.05; ** Wald statistics significant at p Ͻ 0.01; *** Wald statistics significant at p Ͻ 0.001.
histories of withdrawal at baseline, and more of the variance related to the outcome in Table 4 was explained for the narrow (withdrawal only) versus the broad definition of a physiological component. These results are consistent with the relatively robust performance of withdrawal compared with other DSM criterion items in a prior analysis and with most of the studies comparing withdrawal and tolerance in the literature (Bucholz et al., 1996; Harford and Muthén, 2001; Langenbucher et al., 2000; Schuckit et al., 1998b) . Several hypotheses have been put forth regarding the reasons why withdrawal might perform in a more robust manner than tolerance. First, the notation of an abstinence syndrome is based on relatively distinct physiological symptoms that might be easier for subjects to accurately remember and report, whereas tolerance requires a more cumbersome determination of changes in the number of drinks required for various effects (Langenbucher et al., 2000; Martin and Moss, 1993) . Second, the need for more drinks to have an effect than had historically been true (i.e., tolerance) is likely to be observed, at least in a mild form, fairly early in SUDs and is also likely to be reported by people who do not fulfill criteria for dependence (Schuckit et al., , 1998a . In any event, these data, along with most of the relevant prior studies, indicate that the DSM-V should consider requiring a subtyping of alcohol-dependent individuals into those with and without a physiological component but should base the criteria on a history of withdrawal.
One outcome characteristic requires more comment. Although a physiological component to alcohol dependence, especially if it included withdrawal, was consistently associated with a worse clinical outcome, the rate of abstinence over the 5 years of follow-up was highest for those individuals with histories of withdrawal at baseline. This finding remained even when subjects who were in treatment at intake into the study (i.e., probands) were excluded or when only subjects who had never received formal inpatient or outpatient treatment were analyzed. There is some indication from the literature that a greater severity of problems at initial evaluation in alcoholics (e.g., a history of withdrawal) might be associated with a higher probability of abstinence at follow-up (Curran and Booth, 1999) . However, most studies demonstrate a more problematic outcome for those reporting greater levels of problems at baseline (Mattson et al., 1998; Powell et al., 1998) . The reasons for these differences across investigations will have to be evaluated in additional studies, perhaps by more closely controlling for levels of motivation, the effect of concomitant medical problems, and additional treatment opportunities that might be offered those with histories of withdrawal. These elements might enhance the rate of abstinence overall, but not affect the pattern of drinking if a person returns to the use of alcohol. Regarding this study, it is important to note that even though subjects in group 1 reported higher rates of abstinence, the group as a whole demonstrated more severe alcohol-related problems.
These results must be interpreted in light of the methods used. First, only a subgroup of the original subjects was followed up, and 30% of these were not yet interviewed. However, there were no clinically relevant differences in demography between those subjects with DSM-IV alcohol dependence who were evaluated at baseline and those who were successfully followed up. Second, the original COGA subjects, or probands, were selected in a manner that emphasized both the severity of their alcohol dependence (i.e., they entered treatment) and the higher density of alcoholuse disorders in their families. However, our results held even if nonprobands were evaluated. Third, in contrast to a prior cross-sectional analysis that looked across a variety of drugs of abuse , this prospective study gathered information only from individuals who had met the criteria for alcohol dependence at baseline, and the prognostic meaning of a physiological component for dependence on other drugs must be evaluated further. Finally, all outcomes evaluated here came from self-reports, without corroborating data. However, the major conclusions, including the clinical relevance of a distinction between alcohol dependence with and without a physiological component and the preeminent position occupied by withdrawal, are consistent with much of the literature. These data underscore the need for the work group addressing DSM-V to consider requiring clinicians to subtype at least alcohol dependence by using a history of withdrawal as the criterion for a physiological component.
